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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 
(57)Abstract: 

PROBLEM TO BE SOLVED; To provide a nonaqueous 
electrolyte secondary battery, having superion cycle 
characteristics in a wide temperature range, from high 
temperatures to low temperatures by improving a 
negative electrode active material. 

SOLUTION: In a secondary battery comprising a positive 
electrode of lithium including oxide, and a negative 
electrode of mix of meso-phase graphite and vapor 
phase deposition carbon fibers, the meso-phase graphte 
in the mix has a volume average grain diameter of 3 \im 
or more and 1 5 \im or less, a specific surface of 0,7 
m2/g or more and 5.0 m2/g or less as measured by BET 
method, and a face interval (d 002} of 3.36 &angst; or 
more and 3.40 &angst; or less for a face (002) by a wide- 
angle X-ray diffraction method, and the vapor phase 
deposition carbon fiber has a specific surface of 1 0 
m2/g or more and 20 m2/g or less as measured in the 
BET method, an average fiber diameter of 0.1 ^m or 
more and 0.3 \im or less, and a face interval (d 002) of 
3.36 &angst; or more and 3.40 &angst;or less for a face 002 by the wide angle X-ray diffraction 
method, and a ratio of the meso-phase graphite and the vapor phase deposition carbon fibers is 
set at 97:3-80:20 by weight ratio. 
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Partial TRANSLATION of JP 11-176442 A (Document 1) 

[0013] 

[Mode for Carrying Out the Invention] 

The present invention can be carried out by specifying the 
conditions described in each claim, and the reasons to specify the 
conditions are described in detail as follows. 
[0014] 

The negative electrode obtained by mixing meso-phase graphite whose 
property was specified by claims of the present invention and 
vapor-phase deposition carbon fiber with the predetermined ratio 
shows very excellent properties in the wide range of temperature 
from low temperature to high temperature. This reason can be 
presumed as follows. 
[0015] 

Meso-phase graphite having an average particle size of 3]im or more 
to 15 vim or less is preferable, and more preferably 5yni or more 
to 10 ijm or less. If the size is less than these, crystallinity 
of the graphite becomes undeveloped, and only graphite having low 
capacity is obtained. On the other hand, if the size is more than 
these, expansion/shrinJcage of each particle due to charge/discharge 
are very large, and thereby the stress pressed on electrode plates 
becomes larger. This allows the compound to peel off from the 
electrode plates and to brealc by repeating charge/discharge and 
thereby the compound which cannot be reacted is produced to decrease 
the capacity. The specific surface area is preferably 0.7 m^/g or 
more to 5,0 m^/g or less and more preferably 2.5 m^/g or more to 
4 m^/g or less. If the specific surface area is less than these, 
polarization at a time of reaction of charge/discharge becomes large, 
and especially the capacity at high-rate discharge or at discharge 
at low temperature; 0 °C or less becomes reduced. On the other hand, 
the interplanar distance of a face interval (d002) by wide-angle 
X-ray diffraction is preferably in the range of 3.36 A or more to 
3.40 A or less. If the interplanar distance is less than these, 
a lithium ion is difficult to be intercalated between layers of 
graphite when charging at low temperature to thereby significantly 
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decrease the capacity, and if the interplanar distance is more than 
these, crystallinity of graphite becomes undeveloped and only 
graphite having low capacity can be obtained. 
[0016] 

Vapor-phase deposition carbon fiber having a specific surface area 
of in the range of lOm^/g or more to 20 m^/g or less is preferable 
and more preferably 14m^/g or more to 17 m^/g or less. If the 
specific surface area is less than these, the resistance of 
electrode plates becomes higher, a lithium ion is difficult to be 
intercalated between layers of graphite when charging at low 
temperature to precipitate metal lithium on the surface of the 
negative electrode and thereby the capacity of the carbon fiber 
decreases remarkably and cycle characteristics become deteriorated. 
If the specific surface area is more than these, there is no problem 
at low temperature, but a side reaction with electrolysis solution 
easily occurs at high temperature of 35 °C or more, gas is produced, 
the surface of the electrode plate is covered with the reacted 
product with the electrolysis solution and reduce the reaction area 
to occur capacity deterioration. 
[0017] 

The average fiber diameter (the average value of observed 100 fibers 
at random by electron scanning microscope) is preferably O.lpm or 
more to 0,3iamor less. If the fiber is thinner than these, the fiber 
is too thin against a particle of meso-phase graphite, and the 
effects of improving the intensity of the electrode plate or 
conductivity between particles of meso-phase graphite by mixing 
vapor-phase deposition carbon fiber are not sufficient and the fiber 
having sufficient charge/discharge cycle characteristics cannot 
be obtained. 

On the other hand, if the fiber is thicker than these, filling 
density at a time of producing the electrode plate cannot be 
increased and the only fiber having low capacity can be obtained. 
In addition, the interplanar distance of a face interval (d002) 
by wide-angle X-ray diffraction is preferably in the range of 3.36 
A or more to 3.40 A or less. If the interplanar distance is less 
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than these, a lithium ion is difficult to be intercalated between 
layers of graphite when charging at low temperature and the capacity 
is remarkably reduced, and if the interplanar distance is more than 
these, crystallinity of graphite becomes undeveloped, an amount 
of a lithium ion which can be intercalated is reduced, only the 
fiver having low capacity can be obtained, or the fiber occurs a 
side reaction with electrolysis solution when used under an 
atmosphere of high temperature to result in the reduction of 
capacity and the deterioration of the high rate discharge 
properties . 
[0018] 

The compounding ratio of meso--phase graphite to vapor-phase 
deposition carbon fiber is 97:3 to 80:20 in terms of weight ratio, 
preferably 95:5 to 90:10. If the compounding ratio of vapor-phase 
deposition carbon fiber is more than these, filling density at a 
time of producing the electrode plate cannot be increased and only 
the fiber having low capacity can be obtained* If the compounding 
ratio vapor-phase deposition carbon fiber is less than these, the 
effects of improving the intensity of the electrode plate or 
conductivity between particles of meso-phase graphite are not 
sufficient . 
[0019] 

Moreover, as production method of vapor-phase deposition carbon 
fiber, vapor-phase deposition carbon fiber is obtained by heating 
a carbon compound such as benzene, methane or carbon monoxide with 
organic transition metal compound comprising iron or nickel or the 
like as catalyst in a carrier gas of hydrogen or the like up to 
800 to 1300 '='0 as disclosed in JP 5-221622 A. The fiber diameter 
and length of the obtained vapor-phase deposition carbon fiber 
varies depending on the temperature and time of the heating* The 
fiber is heat-treated to be graphitized in an inert atmosphere at 
2400 to 3000 ^C, preferably at 2600 to 2900 '='0, and the specific 
surface area can be varied depending on the time of the 
heat-treatment • 
[0020] 
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This reason can be presumed as follows. That is, the interplanar 
distance of a face interval (d002) by wide-angle X-ray diffraction 
becomes 3 . 40 A or less by heat-treatment of the fiber for ten minutes 
or more and graphitization of vapor-phase deposition carbon fiber 
proceeds necessarily and sufficiently. If the fiber is exposed in 
high temperature atmosphere for a longer time, it is presumed that 
carbon can be vaporized from the surface of vapor-phase deposition 
carbon fiber and that fine cracks at the fiber occurs to increase 
the specific surface area gradually. 
[0021] 

Examples of the present invention are explained by referring to 

figures as follows. 

[0022] 

[Examples] (Example 1) Fig. 1 shows a drawing of longitudinal section 
of a cylinder-shape battery used in the present Examples. In Fig. 
1, 1 shows a battery case wherein organic electrolysis 
solution-resistant steel plate is processed, 2 shows a sealing 
plate having provided a safety valve and 3 shows an insulating 
packing. 4 shows a group of electrode plates wherein 
positive/negative electrodes are inserted into a battery case 1 
by rolling in whorl several times via a separator- A positive lead 
5 is pulled out from the above positive electrode and connected 
to the sealing plate 2, and a negative lead 6 is pulled out from 
the above negative electrode and connected to the bottom of the 
battery case 1. 7 shows an insulating ring and provided top and 
bottom of the group of electrode plates respectively. The 
positive/negative electrode plates and the like are explained as 
follows . 
[0023] 

The positive electrode was in paste form by mixing acetylene black, 
polytetraf luoroethylene dispersion with the LiCo02 powder 
synthesized by mixing Li2Co3 and C03O4 and sintering at 900 °C and 
suspending in a carboxymethyl cellulose solution. The obtained 
paste was coated on both sides of an aluminum foil having thickness 
of 0 . 03ram, dried and rolled to be an electrode plate having thickness 
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of 0.19inm, 40imu in the width and 250inin in length. The negative 

electrode was produced as follows. 

[0024] 

meso-phase graphite and vapor-phase deposition carbon fiber were 
blended with weight ratio of 93:7, mixed by a mixer (for example. 
Hybridizer: a product of Nara Machinery Co., Ltd,), mixed with 
styrene-butadiene rubber dispersion and suspended in a 
carboxymethyl cellulose solution to be in form of paste. 
[0025] 

The obtained paste was coated on both sides of a copper foil having 
a thickness of 0,02mm, dried and rolled to be an electrode plate 
having a thiclcness of 0.02 to 0,22 mm, 42mm in the width and 285mm 
in length, 
[0026] 

A lead was attached to positive/negative electrode plates 
respectively, the lead was inserted into a battery case 1 having 
a diameter of 14,0mm and 50mm in height by rolling in whorl via 
a polyethiylene separator. To a solvent in which ethylene 
carbonate (hereinafter, abbreviated as ^^EC"') and diethylene 
carbonate (hereinafter, abbreviated as ^''DEC') were mixed in volume 
ratio of 40:60, 1 mole/L of LlPFe was dissolved, and the resultant 
solution was infused as the electrolysis solution and sealed. 
[0027] 

meso-phase graphite was obtained as follows. Coal pitch was 
subjected to thermofusion at 390 '='0 and separated and extracted from 
pitch matrix by centrif ugation to produce a meso-phase spherule. 
Subseqently, the spherule was carbonized at 1000 ""G under inert gas 
and graphitized at 2800 °C. Thereafter, the average particle size 
was measured 6]m. by a wind power classification apparatus (The 
measurement of grain size distribution was conducted by laser 
diffraction grain size distribution meter: a product of Shimadzu 
Corporation, SALD-2000) . The obtained meso-phase graphite had a 
specific surface area of 3,2 m^/g (the specific surface area was 
measured by one-point method meter of BET: 4200 Microtrac Beta soap 
automatic surface-area meter, a product of NIKKISO Co., Ltd.) and 
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the interplanar distance of a face interval (d002) by wide-angle 

X^ray diffraction was 3.363 A. 

[0028] 

The vapor-phase deposition carbon fibers were obtained as follows, 
A carbon compound of benzene and an organic transition metal compound 
comprising an iron as a catalyst were heated in a carrier gas of 
hydrogen at 1000°C to obtain vapor-phase deposition carbon fibers. 
These fibers were treated with heat under inert gas atmosphere at 
2800*C to be graphitized. In this case, the fibers having a specific 
area of from 8 m^/g to 25 m^/g by varying the time of heat treatment 
were obtained. The fiber diameter of the obtained vapor-phase 
deposition carbon fiber was an average of 0.2pm according to the 
observance of 100 units of the fiber by a scanning electron 
microscope and the interplanar distance of a face interval (d002) 
by wide-angle X-ray diffraction was 3.385 A. 
[0029] 

A battery was produced according to the above method by using the 
mixture of the meso-phase graphite and the vapor-phase deposition 
carbon fiber, and the battery having a specific area of 8 m^/g, 10 
m^/g, 14 m^/g, 17 m^/g, 20 m^/g and 25 m^/g is classified as a battery 
A, B, C, D, E and F respectively. A test was conducted according 
to the following conditions by using these batteries. 
[0030] 

Charging was conducted by a method of constant current and voltage, 
to be restricted at 4,1V/ 350mA at maximum for three hours, 
discharging was conducted by a method of constant current at 100mA, 
up to 3.0V, and this charge/discharge cycle was repeated under the 
circumstances of 45 **C, 20 ""C and 0 °C respectively. The results 
performed at 45 are shown in figure 2, the results performed at 
20*'C are shown in figure 3 and the results performed at 0°C are shown 
in figure 4, 
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